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REYNOLDS NUMBER EFFECTS ON 
HYPERSONIC CHARACTERISTICS OF A O.OIO- 
SCALE MODEL OF THE 139-B SHUTTLE ORB ITER 
(LA35) 

By 

Peter T. Bernot, NASA/LaRC 


SUMMARY 


Longitudinal and lateral -directional stability characteristics of the 
Rockwell International 139-B orbiter (model 32-0) were obtained in the 
NASA/Langley Continuous Flow Hypersonic Tunnel (CFHT) at Mach 10.3. Tests 
were made at Reynolds numbers of 1.04 x 10 6 and 2.17 x 10 6 (based on body 
length) over an angle of attack range of 12° to 36° at sideslip angles of 
0° and -5°. Data were obtained at three elevon/body flap settings. 


6 e = -40°, <5 bF = -14.25°; 6 e 


0°, % = 0 °« and 6 e = 15°, 6 bf = 13.75°. 


» 
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INTRODUCTION 

This report presents the results of Mach 10.3 tests of a 0.010-scale 
model of the 139-B orbiter configuration in the Langley Continuous Flow 
Hypersonic Tunnel. These data serve as part of the overall aerodynamic evalua- 
tion of the space shuttle orbiter. Longitudinal and lateral -directional 
characteristics were determined over an angle of attack range of 12° to 36 
at Reynolds numbers of 1.04 x 10° and 2.17 x 10° based on fuselage length. 

Tests were conducted at elevon and body flap deflections corresponding to the 
maximum positive and negative design values as well as 0 degrees. As the 
prime shuttle contractor, Rockwell International supplied the model; data plots 
and tables were prepared by Chrysler Corporation under NASA contract. For this 
investigation, designated CFHT Test No. 102 (LA- 35), the tunnel occupancy time 
was 16 hours. 


SYMBOL 

M 

q 

RN 

V 

a 

3 

P 


DATAMAN 

SYMBOL 

MACH 

Q(NSM) 

RN 

ALPHA 

BETA 


b BREF 

c LREF 

S SREF 

MRP 


C 

C 


N 

A 


CN 

CA 


NOMENCLATURE 

General 


DEFINITION 
Mach Number 

2 

dynamic pressure, 1/2 pV 

Reynolds number based on body length, x 1(T 

veloci ty 

angle of attack, degrees 
angle of side slip, degrees 
mass density 


Reference Definitions 
wing span 

wing mean aerodynamic chord 
total wing planform area 
moment reference point 


Body- Axis System 
normal -force coefficient, 
axial -force coefficient. 


normal force 

q5 

axial force 
qS 
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NOMENCLATURE (Continued) 

Body-Axis System 


SYMBOL 

DATAMAN 

SYMBOL 

DEFINITION 

Cy 

CY 

side-force coefficient, " q g° rce 

c m 

CLM 

pitching-moment coefficient, PU.9. hl ^9. m0 P 1 . ent 

c n 

CYN 

yawing-moment coefficient, ^ aw ^-^^ oment 

c * 

CBL 

rolling-moment coefficient, r °^q|b TOTOnt 



Stability-Axis System 

c L 

CL 

lift coefficient, 

C D 

CD 

drag coefficient, ^j|^- 

L/D 

L/D 

lift-to-drag ratio, C|_/Cd 



Additions to Standard List 

Cy b 

DCY/DB 

side force coefficient derivative with 
respect to beta, per degree 

C "|3 

DCYNDB 

yawing moment coefficient derivative with 
respect to beta, per degree 

C o 

DCBLDB 

rolling moment coefficient derivative, with 
respect to beta, per degree 


AILRON 

aileron deflection for roll control, 
positive deflection left trailing panel 
down, (6 q - 6 p )/2, degrees 
e L R 

6 e 

ELEVTR 

elevon deflection for pitch control, 
positive deflection trailing edge down, 
(<$e L + 6 eR)/ 2 ‘ degrees 

6 bf 

BDFLAP 

body flap deflection angle, positive 
deflection trailing edge down, degrees 
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NOMENCLATURE (Concluded) 

Additions to Standard List 


DATAMAN 

SYMBOL SYMBOL DEFINITION 


6 $b RUDFLR 


split rudder flare angle, positive deflection 
trailing edges outward, degrees 


SUBSCRIPTS 

L left 

R right 


MODEL 

The test configuration was a 0.010-scale model of the RI-139B orbiter 
(designated model No. 32-0). See figure 1. The various model components 
are as follows: 


B19 - Fuselage 
C7 - Canopy 
W107 - Wing 
E23 - Elevon 
V7 - Vertical tail 
M4 - OMS pod 
F5 - Body flap 

N39 - Main propulsion system (2 bottom nozzles on) 
R5 - Rudder 


Each component is described in the dimensional data sheets in Table I 


FACILITY AND TESTS 

The Mach 10 nozzle of the NASA/Langley CFHT is designed to operate 
at stagnation pressures of 1.519 MN/nr (15 atmospheres) to 15.19 MN/nr 
(150 atmospheres) at temperatures up to 1089° K (1960° R). Air is preheated 
electrically by passing It through a multi -tube heater. The nozzle has a 
0.78 m (31-inch) square test section and incorporates a movable second 
minimum. Continuous operation is achieved by passing the air through 
a series of compressors. Additional information on this facility can be 
found i n reference 1 . 
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Model forces and moments were measured by a six-component, water-cooled, 
strain-gage balance (HCF-09) which was mounted on a 20° bent sting (No. 11). 
See figure 2. Tests were conducted at stagnation pressures of 5.17 MN/m2 
(750 psia) and 10.82 MN/m 2 (1570 psia) at Reynolds numbers of about 1.04 x Kr 
and 2.17 x 10°, respectively. The Mach number was 10.32 for the lower 
pressure and 10.37 for the higher pressure. The angle of attack range was 
from 12° to 36° at sideslip angle of 0° and -5°. All tests were made with a 
speed brake deflection of 55°. Model base pressures were not measured in 
this investigation. The complete test program is presented in Table II. 


DATA REDUCTION 

Aerodynamic coefficients based on body-axis and stability-axis systems 
(figure 3) were calculated using the following reference values: 

S = total wing planform area = .025 m 2 (.2690 ft 2 ) 
c * wing mean aerodynamic chord = .12 m (4.748 in) 
b = wing span = .238 m (9.367 in) 

All moment coefficients were referenced about the nominal 65 percent 
center of gravity which corresponds to a location .213 m (8.417 in) aft of 
the nose and .025 m (1.01 in) below the fuselage top surface. 

Estimated inaccuracies in the body-axis coefficients are based on 
0.5 percent of the design loads for the HCF-09 balance. These inaccuracies 
expressed in coefficient form are: 

M = 10.32 _ M = 10.37 „ 

q = 6890 N/m 2 (1.0 psia) q = 14800 N/nf (2.15 psia) 


C N 

.015 

.007 

CA 

.0039 

.0018 

^m 

.0033 

.0015 

c * 

.0002 

.0001 

C„ 

.0003 

.0002 


.0032 


.0015 
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PRESENTATION OF RESULTS 

The longitudinal characteristics at 8 s 0° are presented in figure 4 
for Reynolds numbers of 1.04 x 10° and 2.17 x 10°. In figure 5, the 
longitudinal characteristics are presented in the same manner for B = -5 . 
The lateral -directional characteristics at both Reynolds numbers are shown 
in figures 6(a), 6(b), and 6(c) for the elevon/body flap deflections of 
00/0°, 15°/13.75°, and -40°/-14.25°, respectively. Tabulations of body and 
stability-axis coefficients are presented in the Appendix. 

These data indicate no major performance anomalies and are presented 
without further analysis as a part of the overall data base. 


REFERENCES 

1. Schaefer, William T. , Jr.: Characteristics of Major Active Wind 

Tunnels at the Langley Research Center. NASA TM X-1130, 1965. 


TABLE I 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Body - B-19 

GENERAL DESCRIPTION ' Fusel a9 e 


Model Scale = 0.010 

DRAWING NUMBER : „ VL70-000139B 


DIMENSIONS ■ 

Length 
Max Width 
Max Depth 

Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 

Wetted 


FULL SCALE 


32.7 

m 

1290.3 in. 

6.7 

m 

267.6 in. 

6,2 

_m 

244.5 in. 

4.82 


35.9 

» 2 

386.67 ft 2 



Base 





TABLE I (Continued) 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT Canopy - C7 
GENERAL DESCRIPTION 


Model Scale = 0.010 

DRAWING NUMBER : VL70-000139 


DIMENSIONS ■ FULL SCALE 

length 6.02 fti 237*0 in* 

Max Width 

Max Depth 

Fineness Ratio .... . 

Area ___________ . 

Mox. Cross-Sectional ■ ' 

Planform ___________ __ 

Wetted ' _________ 

Base _________ __________ 



TABLE I (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT: Wing - M107 

GENERAL DESCRIPTION: Configuration 3A 


Model Scale = 0.010 


DRAWING NUMBER : VL70-000139B 

DIMENSIONS : 

TOTAL DATA 
Area 

Planform 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords : 

Root (Wing Sta. 0.0) 

Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section (RI-Mod. NASA 
Root XXXX-64 

Tip 

EXPOSED DATA 
Area 

Span, (equivalent) 

Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


FULL-SCALE 


249.9 m 2 


23.79 m 
2.26 
1.17 
0.200 
3.50 
0.50 
3.00 


45.00 

-TO 

“35.21 


17.50 m 
3.50 m 
12.06 m 


0.10 

0.12 


162.79 m 2 
18.30 m 

~TM 

O'. 245 — 


14.28 m 
“3750 m 
■■?:98'"m 


2690 ft 2 


936.68 in. 


689.24 in. 
137.85 in. 
474.8 in. 


1752.29 ft 2 
720.68 in. 


562.4 in. 
137.85 in. 
393.03 in. 


nasa-msfc-maf 




TABLE I (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT : Elevon - E23 

GENERAL DESCRIPTION _ Data for (1) of (2) sides 


Model Scale = 0.010 


DRAWING NUMBER VL70-000139B 


DIMENSIONS 

Area 

Span (equivalent) 

Inb’d equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. chord 
At Outb’d equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 

Area Moment (Normal to hmge line) 


FULL SCALE 

19.09 m 2 205.52 ft 2 

8.97 m 353.34 in. 


2.91 m 114.78 in. 

1.39 m 55.0 in. 


.208 

.400 


0 _ 

-10.24 


0 

43.83 m 3 1548.07 ft 3 



TABLE I (Continued) 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : QMS Pod - M4 

GENERAL DESCRIPTION Lightweight configuration - with nozzles 
removed . 


Model Scale = 0.010 


DRAWING NUMBER : VL70-000139 


DIMENSIONS : 

Length 
Mox Width 
Max Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 

Wetted 


FULL SCALE 

8.3 m 327.0 in. 


2.7 m 108.0 in. 


2.8 m 113.0 in. 


Base 




TABLE I (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT : Body Flap - F5 

GENERAL DESCRIPTION 


Model Scale = 0.010 


DRAWING NUMBER VL70-000139 


DIMENSIONS • 

Length 
Max Width 
Max Depth 
Fineness Ratio 
Area 

Max. Cross-Sectional 
Planform 


FULL SCALE 

2.1 m 84.7 in. 

6.7 m 267.6 in. 


13.2 m 2 


142.5 ft 2 


Wetted 




TABLE I (Continued) 
MODEL DIMENSIONAL DATA 


MODEL COMPONENT: MPS Nozzles - N39 


‘ GENERAL DESCRIPTION: Configuration 3A MPS Nozzles 


Model Scale = 0.010 


DIMENSIONS FULL SCALE 


Length 


Gimbal 

Point to Exit Plane 

3.9 

m 

157 in. 

Throat 

to Exit Plane 

2.5 

m 

99.2 in. 

Diameter 

Exit 


2.3 

m 

94 in. 

Throat 

Inlet 


1.09 

m 

43 in. 

Area 

Exit 


4.4 

2 

m 

48.193 ft 2 

Throat 


- 


- 


Girabal Point (station) 
Upper Nozzle 


X 



Y 

NOT USED 

— 

— 


Z 


— 

— 


Lower Nozzles 
X 


37.1 m 

1462 in. 


Y 

BOTH NOZZLES USED 

±1.3 m 

±53 in. 


Z 


8.7 m 

342.7 in. 


Null Position 




» 

Upper Nozzle 
Pitch 

NOT USED 

— 



Yaw 


— 

— 

i 

Lower Nozzles 
Pitch 


10° 



Yaw 


3.5° 




TABLE I (Continued) 

MODEL DIMENSIONAL DATA 

MODEL COMPONENT: Vertical Tail - V7 

GENERAL DESCRIPTION: Centerline tail, double-wedge airfoil with 

rounded leading edge. 


Model Scale = 0.010 


DRAWING NUMBER : VI 70-000139 

DIMENSIONS : 

TOTAL DATA 
Area 

Planfomi 

Wetted 

Span (equivalent) 

Aspect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twist, degrees 
Toe-In Angle 
Cant Angle 

Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
0.25 Element Line 
Chords: 

Root (Wing Sta. 0.0) 

Tip, (equivalent) 

MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 
Airfoil Section 

Leading Wedge Angle, deg. 
Trailing Wedge Angle, deg. 
EXPOSED DATA 


FULL-SCALE 


39.57 m 2 


8 . d 1 in 
1.67 
0.507 
0.404 


45.0 

26.249 

41.13 

6.82 

m 

T7TS~ 

m 

57 ( 57 “ 

JL 


10.0 

14.92 


425.92 ft 2 


315.72 in. 


268.50 in. 
108.47 in. 
199.81 in. 


Area 

Span, (equivalent) 
Aspect Ratio 
Taper Ratio 
Chords 
Root 
Tip 
MAC 

Fus. Sta. of .25 MAC 
W.P. of .25 MAC 
B.L. of .25 MAC 


nasa-msfc-maf 


TABLE I (Concluded) 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : Rudder - R5 

GENERAL DESCRIPTION 


Model Scale = 0.010 


DRAWING NUMBER VL70-000095 


DIMENSIONS 


FULL SCALE 


Area 


9.88 m 


106.38 ft £ 


Span (equivalent) 

Inb'd equivalent chord 

Qutb'd equivalent chord 

Ratio movable surface chord/ 
total surface chord 

At Inb’d equiv. chord 
At Outb’d equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Trailing Edge 
Hingeline 

Area Moment (Normal to hinge line) 


5.10 m __20L0 in. 
2.32 m 91.585 in. 


1.29 m 50.83 in. 


0.400 

0.400 


34.83 


26.25 

34.83 

14.89 m 3 526.13 ft 3 



DATA SET/RUN NUMBER COLLATION SUMMARY 



COEFFICENTS I D V 






































































REFERENCE DIMENSIONS 

AREA S = 249.9 m 2 (2690 ft 2 ) 

MAC c = 12.06 m (474.8 in. 



Figure 1.- Layout of 139-B Orbiter. All dimensions are normalized by reference length. 




Figure 2 .- 1 39-B Orbiter and 20-deg. Bent Sting Setup in LaRC CFHT Mach 10 Tunnel 



Positive directions of force cofficients, 
moment coefficients, and angles are 
indicated by arrow 



Figure 3.- Axis Systems. 





ANGLE OF ATTACK. ALPHA. DEGREES 
(a) Axial-force coefficient. 

Figure 4.- Effect of Reynolds Number on longitudinal characteristics at 




N3 *lN3l3IdJ303 33803 “IVW8QN 



ANGLE OF ATTACK. ALPHA. DEGREES 




•u 

<u 


+■> 

c 

o 

o 


Q) 

s- 

3 

cn 


(c) Pitching-moment coefficient. 



OQQOQP 
^ CO <j 6 (P (N N 

o — q — qoj 
£ — fN — (N — (N 


4 88 


_^oooo 

8 Sin in in in 

ar^r* cnoi 

'nnt «* 

~ i i 


imnoo 

i i 


vn\pinipimo 

F^r^r-r-r-r- 

>>>>>> 


nnnnnn 

<N <N <N (N fN <N 
UiliiLiiUUtii 

oooooo 

>>>>>> 


men <pc 
nnnr 


i<r> mm 
. . . . innn 

li.kli.ULU. 

»- rrrih 
a NFr'i^Fr- 
“ uuuuyu 
ot mmaimmm 


CD CD CD CD CD CD 


y 

H 


5 tnimninmin 

— nnnnnn 

K I I I I I I 
< <<<<<< 

O (N <N <N (N CM (N 

— OOOOOO 


U I I I X I I 

It Lt Ll L. Ll Ll 
OOOOOO 

$CO>^£] 


> 

m 


uj -mini*- m — 

< §§3§§s 

K- oooooo 
< oooooo 
a 



T3 

QJ 

3 


4-> 

C 

0 

o 

1 

a> 

s- 

3 

CJ> 


NO * 1N3 1 0 1 33303 3380 J IVWdON 


(d) Normal -force coefficient and pitching-moment coefficient. 
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